Background/Aims: Atrazine (ATR) is a broad-spectrum herbicide in wide use around the world. However, ATR is neurotoxic and can cause cell death in dopaminergic neurons, leading to neurodegenerative disorders. Autophagy is the basic cellular catabolic process involving the degradation of proteins and damaged organelles. Studies have shown that certain plant compounds can induce autophagy and prevent neuronal cell death. This prompted us to investigate plant compounds that might reduce the neurotoxic effects of ATR. Methods: By CCK-8 and flow cytometry, we tested the ability of five candidate compounds-isoflavones, resveratrol, quercetin, curcumin, and green tea polyphenols-to protect cells from ATR. Changes in the expression of tyrosine hydroxylase (TH) and brain-expressed X-linked 2 (BEX2), autophagy-related proteins and key factors in mTOR signaling, were detected by Western blotting. Results: Isoflavones had the strongest activity against ATR-induced neuronal apoptosis. ATR reduced the expression of TH and BEX2, whereas isoflavones increased TH and BEX2 expression. In addition, ATR inhibited autophagy, whereas isoflavones induced autophagy through the accumulation of LC3-II and decreased expression of p62; this effect was abolished by 3-methyladenine (3-MA). Furthermore, BEX2 siRNA abolished isoflavonemediated autophagy and neuroprotection in vitro. Conclusion: Isoflavones activate BEX2-dependent autophagy, protecting against ATR-induced neuronal apoptosis.
Introduction
The triazine herbicide atrazine (ATR) is widely used to control certain annual broadleaf and grass weeds in agriculture around the world because of its effectiveness in crop protection and low price. Given its widespread use on a variety of crops, ATR can be frequently detected in surface and ground water sources [1] [2] [3] [4] [5] [6] [7] [8] [9] . Because of its mobility and long-term residual persistence in the environment, the detection of ATR in both ecosystems and humans has been reported. Chronic ATR exposure results in high accumulative levels in multiple organs and tissues [10] [11] [12] [13] [14] . It has been shown that ATR and its metabolites, known as environmental endocrine disruptors, affect the central nervous and reproductive systems [15] [16] [17] . In terms of its nervous system toxicity, ATR decreases the level of striatal dopamine (DA) and the number of tyrosine hydroxylase (TH)-positive dopaminergic neurons in rodents, resulting in pathology and behavior similar to that of a Parkinson's disease (PD) model. Epidemiological evidence suggests that rural farmers have a higher incidence of PD with high and consistent herbicide exposure [18] [19] [20] [21] [22] [23] .
The toxicity of ATR to the nervous system shows that it can influence the functioning of synaptic vesicles and synaptic bodies, interfering with the storage and uptake of DA in synaptic vesicles and disrupting the function of the thalamic neuroendocrine system [24, 25] . Furthermore, ATR can significantly change the levels of catecholamine neurotransmitters, especially norepinephrine (NE) and DA. In addition to the effects of ATR on DA in the nervous system, studies have shown that ATR induces apoptosis and reactive oxygen species (ROS) levels in SH-SY5Y cells [26, 27] . Other results show that ATR induces apoptosis in PC12 cells by altering the expression of p53, caspase-3 and caspase-9 [28] . Recently, some researchers have described the mechanisms of ATR-induced neuronal cell death [29, 30] , which can include autophagy, apoptosis, and necrosis.
Autophagy is a so-called 'self-eating' cellular mechanism that involves the clearance of misfolded proteins, preventing the toxic accumulation of misfolded proteins and damaged organelles and thereby achieving the metabolic needs of cells [31] . Recent studies have indicated that different types of cancer cells undergo autophagy in response to anti-cancer therapies. For instance, Faisal et al. investigated the anti-glioma potential of curcumin in vitro, and further examined the molecular mechanisms of curcumin-induced cell death in human malignant glioma [32] . Brain-expressed X-linked 2 (BEX2, a member of the BEX family) is abundantly expressed in the central nervous system, with high levels in the pituitary cerebellum [33] . Evidence has shown that BEX2 can suppress mitochondrial apoptosis. In gliomas, overexpression of BEX2 inhibits tumor growth in vitro and in vivo [34] . Thus, autophagy is being increasingly studied as a new type of treatment for various cancers and neurological degenerative diseases.
In recent years, there has been increasing interest in the neuroprotective effects of natural plant compounds. For example, carnosic acid protects against 6-hydroxydopamine (6-OHDA)-induced apoptosis by inducing autophagy in SH-SY5Y cells [35] . Similarly, resveratrol protects against rotenone-induced neuronal apoptosis by regulating autophagic flux [36] .
In this study, we selected five compounds as candidates to explore their ability to protect SH-SY5Y cells from ATR-induced damage: isoflavones, resveratrol, quercetin, curcumin, and green tea polyphenols. Among these candidates, we found that isoflavones had the strongest activity against ATR toxicity. Our results indicate that BEX2 mediates autophagy in SH-SY5Y cells and that isoflavones can attenuate ATR-induced neurotoxicity by inducing autophagy through BEX2.
Materials and Methods

Reagents and antibodies
The human neuroblastoma SH-SY5Y cell line was obtained from the Cell Bank of the Chinese Academy of Sciences. ATR (CAS:1912-24-9) and Dulbecco's modified Eagle medium (DMEM) high-glucose were from Life Technologies (Carlsbad, CA, USA). Fetal bovine serum (FBS) was from Biological Industries (Kibbutz Beit-Haemek, Israel) and the Cell Counting Kit (CCK-8) was from Dojindo (Tokyo, Japan). The BCA protein assay kit was from Beyotime Biotechnology (Shanghai, China). Rapamycin were from Ruiyong Biological (Shanghai, China). 3-methyladenine (3-MA) and curcumin were purchased from Sigma (St. Louis, MO, USA). Isoflavones, resveratrol, quercetin, and green tea polyphenols were purchased from China Standard Material Center (Beijing, China). BEX2 and TH were from Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). p-S6 and S6 were provided by Cell Signaling Technology (Danvers, MA, USA). LC3B and p62 were from Abcam (New Territories, Hong Kong, China). Alkaline phosphatase-goat anti-rabbit IgG and alkaline phosphatasegoat anti-mouse IgG were from ZSGB-BIO (Beijing, China). SYBR Premix Ex Taq II was from Takara Bio Inc. (Otsu, Shiga, Japan) and primers were from Generay Biological Engineering Co. (Shanghai, China). The stock solutions of isoflavones, resveratrol, quercetin, curcumin, green tea polyphenols, rifampicin, ATR, and 3-MA were prepared at 10 0mM in dimethyl sulphoxide (DMSO) and stored at −20°C. Drug stocks were prepared for single use to avoid repeated freeze-thaw cycles and diluted to the desired concentration as needed.
Cell culture SH-SY5Y cells were cultured in DMEM high-glucose containing 10% FBS, 100 IU/ml penicillin and 100 mg/ml streptomycin at 37°C with 5% CO 2 . All experiments were performed at cell confluence of 70-80% between passages 26 and 33. The cells were plated at an appropriate density according to the different experimental protocols utilized in this work.
CCK8 cell viability assay
Cellular viability was assayed by CCK-8 assay to detect mitochondria in living cells. Briefly, the cells were plated onto 96-cell plates. When the cultures reached 70-80% confluence, the culture medium was removed and the cells were then incubated for 24 h in the presence of various doses of isoflavones, resveratrol, quercetin, curcumin, or green tea polyphenols (5, 10, 20, 50 , and 100 µM). After 24 h, the cultures were washed three times with PBS and cultured for 24 h with 250 µM ATR. At the indicated time after treatment, the CCK8 reagent (0.5 mg/ml) was then added to the cell culture medium and incubated at 37°C for 1 h. The absorbance was evaluated at 450 nm using a microplate reader (Bio-Tek Elx800, Bio-Tek, Norcross, CA, USA).
Determination of apoptotic cell population
The cells were treated with isoflavones, resveratrol, quercetin, curcumin, or green tea polyphenols (5 µM). After 24 h, the cultures were washed three times with PBS and cultured for 24 h with 250 µM ATR. To determine the apoptotic cell population, cells were stained with FITC-conjugated annexin V and propidium iodide (PI) using a Dead Cell Apoptosis Kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. In each analysis, 10, 000 events were counted using a BD flow cytometer (BD, Franklin Lakes, NJ, USA).
Western blot analysis
The cells were treated with 5 µM isoflavones for 24 h followed by exposure to 250 µM ATR for 24 h, then collected and lysed for 30 min in lysis buffer (Beyotime Biotechnology) containing 1 mM phenylmethanesulfonyl fluoride (Beyotime Biotechnology). The cells were then centrifuged at 12, 000 rpm for 10 min at 4°C. Protein concentrations in the cell lysates were determined by the BCA protein assay (Beyotime Biotechnology). Equal amounts of cell lysates (50 µg) were separated by 10% SDS-PAGE. The proteins were transferred to polyvinylidene difluoride membranes and blocked with 1% bovine serum albumin with 0.05% Tween 20 in PBS for 30 min, followed by incubation with TH, BEX2, P-S6, S6, LC3 or p62 antibodies (1:1000 dilution), and with a β-actin antibody (1:1000 dilution, ImmunoWay Biotechnology, Newark, DE, USA) as a control, at 4°C overnight. After three washes with Tris-buffered saline (TBS) and 0.05% Tween 20 (TBST), the membranes were incubated with alkaline phosphatase-goat anti-rabbit IgG (1:5000 dilution; ZSGB-BIO) or alkaline phosphatase-goat anti-mouse IgG (1:5000 dilution; ZSGB-BIO) for 1 h. Western Blue stabilized substrate alkaline phosphatase (Promega Corporation, Madison, WI, USA) was used to detect the immunoreactive signals. The air-dried membranes were imaged using an image analyzer (Bio-Rad Laboratories, Hercules, CA, USA). Band intensities were measured using ImageJ v1.50 software.
Quantitative real-time PCR
Total RNA was isolated using Trizol (Invitrogen) according to the manufacturer's instructions. A SYBR Premix Ex Taq II Reagent Kit and gDNA Eraser reverse transcriptase were used to obtain cDNA, according to the manufacturer's instructions (Takara, Japan). The following primer sequences were used: human β-actin: forward CTACCTCATGAAGATCCTCACCGA, reverse TTCTCCTTAATGTCACGCACGATT; humannLC3: forward Cellular Physiology and Biochemistry
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TACGGAAAGCAGCAGTGT, reverse GAAGGCAGAAGGGAGTGT (Generay, Shanghai, China). For polymerase chain reaction (PCR) analysis, samples were normalized to β-actin expression by calculating ∆CT (CT target gene -CT actin). The 2 -∆∆CT method was used to calculated the relative amount of target mRNA. Cells were pretreated with 5 μM isoflavones for 24 h, followed by exposure to 250 μM ATR for 24 h.
Transient transfection of small interfering RNA (siRNA)
Cell were plated on 35-mm plastic tissue culture dishes at a density of 1.2 × 10 6 cells per dish. When 70% to 80% confluence was reached, cells were transfected with 50 nM BEX2 siRNA or non-targeting control (RiBOBio, Guangzhou, China) using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Cells were pretreated with 5 μM isoflavones for 24 h and were then treated with 250 μM ATR for 24 h.
Statistical analysis
Each experiment was performed at least three times and results are presented as mean ± SD. A oneway analysis of variance (ANOVA) was used to determine the differences between experimental groups. As post hoc analysis, Fisher's Least Significant Difference test (LSD) was used for comparisons between multiple group means. A value of p < 0.05 was considered to be significant.
Results
Pretreatment with candidate compounds prevents the loss of cell viability and cell death induced by ATR
In previous reports, we demonstrated that ATR reduces cell viability in a time-and dose-dependent manner and found that the median lethal dose (LD 50 ) of ATR was 250 μM after a 24 h exposure [27] . Therefore, we used ATR at 250 μM for further experiments. We quantified cell viability of ATR-treated SH-SY5Y cells using the CCK-8 assay, with and without pretreatment with varying concentrations (5, 10, 20, 50, 100 μM) of five candidate compounds (isoflavones, resveratrol, quercetin, curcumin, green tea polyphenols) (Fig. 1A) . Though ATR reduced the cell viability to 43.57 ± 7.95% of the control cells, cells cultured with isoflavones (5-100 μM) for 24 h prior to treatment with ATR showed significantly increased viability, particularly at an isoflavone concentration of 5 μM.
In order to further determine the protective effects of the five compounds (at 5 μM) on ATR-treated SH-SY5Y cells, we conducted annexin V/PI double staining and analyzed apoptotic cell populations using a flow cytometer. About 19.83 ± 1.81% of the cells treated with ATR were detected in quadrant Q4+Q2, which indicates early and late apoptosis. All compounds were effective in reducing ATR-induced cell apoptosis, with the effects of isoflavones and curcumin reaching significance (Fig. 1B, C) . As isoflavones are more easily acquired, we chose to focus on isoflavones (5 μM) for further experiments.
Isoflavones partially prevent the effects of ATR on TH expression
Previous studies have shown that ATR exposure reduces dopamine secretion by reducing the expression of TH [24] . TH is essential for synthesizing dopamine in dopaminergic neurons, which is important for the normal functioning of the nervous system [37] . To determine whether isoflavones prevent the effect of ATR on TH expression, we analyzed the expression of TH in ATR-and isoflavone-treated cells by western blotting. The results showed that TH expression is significantly affected by ATR, while isoflavones partially prevent the effects of ATR on TH expression ( Fig. 2A, B) .
Isoflavones induce autophagy
Autophagy plays a cytoprotective role in maintaining cellular homeostasis by removing damaged or dysfunctional cellular organelles [38] . In order to determine whether the protective effects of isoflavones against ATR-induced cell death were caused by autophagy, we examined the levels of LC3 protein, particularly LC3-II, an autophagosome marker. We found that the conversion of LC3-I to LC3-II as well as the total levels of LC3 proteins increased in SH-SY5Y cells treated with isoflavones, as did the total levels of LC3 mRNA (Fig. 3A, C) . In addition, isoflavones (5 μM) increased the protein expression of LC3-II, which peaked at 24 h, similar to our observations of LC3 mRNA (Fig. 3B, D) . Cotreatment with ATR and isoflavones induced more LC3 expression than ATR alone, in line with the mRNA expression (Fig. 3E, F) . Treatment with 3-MA inhibited autophagy, as expected, and LC3 expression were decreased in cells treated with a combination of 3-MA, ATR, and isoflavones compared to cells treated with only ATR and isoflavones (Fig. 3E) .
In order to further demonstrate that isoflavones induce autophagy, we measured the expression pattern of another autophagic marker, p62, which serves to link ubiquitinated proteins to the autophagic machinery via LC3 [39] . The results show that isoflavones also decrease the expression of p62 (Fig. 3A) . These results indicate that isoflavones induce autophagy.
BEX2 induction by isoflavones protects cells from ATR
It has been reported that BEX2 can inhibit human glioma tumor growth. To determine whether BEX2 is associated with the neuroprotective effect of isoflavones, SH-SY5Y cells were treated with various doses of isoflavones over a 24 h period. Isoflavones (5-100 μM) induced BEX2 expression (Fig. 4A ). In addition, isoflavones (5 μM) increased the protein levels of BEX2 in a time-dependent manner, with BEX2 expression peaking after 12 h of isoflavone treatment and sustained up to 24 h (Fig. 4B) . Next, the role of BEX2 in isoflavonemediated protection against ATR toxicity was investigated. ATR reduced BEX2 expression, whereas isoflavones increased BEX2 expression. In addition, isoflavones partially prevented the effect of ATR on BEX2 expression (Fig. 4C ). These results demonstrate that isoflavones increase the expression of BEX2 and suggest that BEX2 induction by isoflavones may contribute to cytoprotection against ATR.
Isoflavones prevent ATR-induced neuronal death through BEX2-dependent autophagy
To elucidate the role of BEX2 in the induction of autophagy by isoflavones, we measured LC3-II expression levels under BEX2 knockdown conditions. siRNA-mediated knockdown of BEX2 decreased isoflavone-mediated LC3-II expression (Fig. 5A) , suggesting that BEX2 induction by isoflavones activates autophagy. In order to demonstrate that isoflavones act though BEX2-induced autophagy to prevent ATR-induced cell death, we measured LC3-II expression levels under BEX2 knockdown conditions, as shown in Fig. 5B . To further verify that BEX2 has a protective effect against ATR-induced cell death, we measured cell viability by CCK-8 assay. BEX2 siRNA increased the cell death induced by ATR, even in the presence of isoflavones (Fig. 5C ). These results demonstrate that the protective effects of isoflavones on ATR-induced neuronal cell death are mediated by BEX2-dependent induction of autophagy. The levels of TH were determined by western blotting followed by quantitative analysis using ImageJ. Data were normalized to β-actin levels. Data represent the mean ± SD of three independent experiments. Statistical significance was determined by an LSD post-hoc test.
# p<0.05 between groups. * p<0.05 compared to control. 
Isoflavones mediate autophagy by an mTOR-dependent pathway
To explore whether isoflavones mediate autophagy by an mTOR-dependent pathway, we treated cells with the mTOR inhibitor rapamycin. Upon treatment with rapamycin (2 μM for 24 h), the downstream ribosomal protein S6 was inactivated (Fig. 6A) . However, co-treatment with isoflavones partially maintained the activity of the mTOR-p70S6K pathway (Fig. 6A) . Rapamycin increased the level of basal autophagy, and further increased the production of LC3-II in isoflavone-treated cells (Fig. 6A) . Moreover, the ATR-induced reduction of p-S6 and LC3-II expression was partly reversed by cotreatment with ATR and isoflavones. In addition, the levels of BEX2 were reduced following rapamycin treatment (Fig. 6B) . Taken together, these data indicate that isoflavones induce autophagy through an mTOR-dependent pathway.
Discussion
Increasing evidence suggests that ATR as a neurotoxic herbicide selectively targets the dopaminergic system [25, 40] . Recently, plant compounds have been shown to play a significant role in neurological protection [35] . Here, we provide evidence that isoflavones prevent ATR-induced neuronal apoptosis by cell viability and apoptosis studies. ATR reduces Fig. 4 . ATR-mediated inhibition of BEX2 expression is prevented by isoflavones. (A) Cells were treated with 0-100 μM isoflavones (Isof) for 24 h. BEX2 expression was determined by western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. (B) Cells were treated with 5 μM isoflavones for 6-24 h. BEX2 expression was determined by western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. (C) Cells were treated with/without 5 μM isoflavones for 24 h, then treated with/without 250 μM ATR for the next 24 h. BEX2 expression was determined by western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. Data represent the mean ± SD of three independent experiments. Statistical significance was determined by an LSD post-hoc test. 
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the number of TH-positive cells in the nervous system. However, TH is the rate-limiting enzyme involved in DA synthesis in dopaminergic neurons, which is important for the normal functioning of the nervous system [37] . Our results show that isoflavones increased (A) Cells were t r a n s f e c t e d with si-BEX2, and then treated with 5 μM i s o f l a v o n e s (Isof) for 24 h. Knockdown efficiency was confirmed by BEX2 and LC3 western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. (B) Cells were t r a n s f e c t e d with/without si-BEX2, then treated with/ without 5 μM isoflavones for 24 h, and then treated with/ without 250 μM ATR for the next 24 h. BEX2 expression was determined by western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. (C) Cell viability was determined by CCK-8 assay. Data represent the mean ± SD of three independent experiments. Statistical significance was determined by LSD post-hoc test.
# p<0.05 compared between groups. * p<0.05 compared to control. (A) Cells were pre-treated for 24 h with 2 μM rapamycin (Rap) to inhibit mTOR and then exposed for 24 h to isoflavones (5 μM, Isof). p-S6, S6, and LC3 expression were determined by western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. (B) Cells were treated as described in Fig. 6A , then exposed for 24 h to ATR (250 μM). BEX2, p-S6, S6, and LC3 expression were determined by western blotting and quantitative analysis using ImageJ. Data were normalized to β-actin levels. Data represent the mean ± SD of three independent experiments. Statistical significance was determined by LSD post-hoc test. # p<0.05 compared between groups. * p<0.05 compared to control.
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Cellular Physiology and Biochemistry the protein expression of TH and partially prevented the effect of ATR on TH expression. It is likely that the increase in TH expression may, in part, be due to gene interaction, increased activity and the number of TH+ cells. Together, these data suggest that isoflavones have a crucial effect on ATR-induced neurotoxicity.
Autophagy is active at a basal level in most cells in the body and is a lysosome-mediated degradation process that regulates the turnover of long-lived proteins and eliminates dysfunctional organelles [31] . Autophagy is thought to be a protective mechanism for cells against environmental toxicity [41] . In the present study, we used in vitro experiments to verify that the neuroprotective effects of isoflavones are mediated though increased autophagy. The results show that isoflavones (5-100μM) increase LC3-II expression and degrade p62. LC3-II expression changed significantly after 12 h of isoflavone (5 μM) treatment and peaked at 24 h. Furthermore, compared to ATR alone, cotreatment with ATR and isoflavones significantly increased the level of LC3-II, suggesting that isoflavones mediate neuroprotection through autophagy. It is known that mTORC1 is critical for sensing cellular energy status, and regulates protein levels, cell survival, and autophagy [42] . In this study, our results show that isoflavones (5 μM) alone (24 h) decrease the p-S6 protein and increase the LC3-II protein, which suggests autophagy is activated by isoflavones through the inhibition of mTORC1. In addition, ATR treatment led to a reduction in p-S6 expression, in line with previous reports that ATR induces apoptosis by inhibiting the expression of mTORC1 and p-S6 [43] . ATR treatment also reduced the expression of LC3-II, supported by a recent study that demonstrated ATR mediated autophagy dysregulation in the brain of the common carp [44] . In contrast, ATR has also been reported to induce autophagy [37] . The difference in these findings may result from the dose of ATR, duration of treatment, and experimental models used. In addition, in vitro experiments feature numerous unknown factors that could influence the effects of ATR. Therefore, the issue of whether ATR induces autophagy in SH-SY5Y cells requires further study. Moreover, the ATR-induced reduction of p-S6 and LC3-II expression was partly reversed by isoflavone treatment (Fig. 6) . These results indicate that isoflavones have a protective effect on neuronal cells by regulating mTOR-dependent autophagy in the presence of ATR.
BEX2 is abundantly expressed in the central nervous system [33] . BEX2 is a tumor suppressor in human glioma, as overexpression of BEX2 in glioma cells results in suppression of tumor growth in vitro and in vivo [34] . Furthermore, BEX2 can suppress mitochondrial apoptosis [45] . Thus, we hypothesize that isoflavones protect against ATR-induced neuronal death through BEX2-induced autophagy. The present data support this hypothesis because our results show that ATR inhibits BEX2 expression, while combined treatment of isoflavones with ATR restored BEX2 levels. In addition, si-BEX2 significantly abolished the protective effect of isoflavones on ATR-induced cell viability (Fig, 5C ). Isoflavonemediated LC3-II expression was also abolished by si-BEX2, supporting the notion that BEX2 activates autophagy and suggesting a pro-survival induction of autophagy via BEX2. These reports demonstrate the critical role of BEX2 in regulating autophagy, which is of particular importance in the present study where BEX2 was associated with isoflavone-mediated autophagic flux in dopaminergic cells. Moreover, BEX2 levels were reduced in the presence of rapamycin to inhibit mTOR, supporting previous reports that mTOR positively regulates BEX2 expression [46] . Further investigation is needed to identify other signaling pathways involved in isoflavone-mediated autophagy induction and BEX2 expression.
With the development of functional genomics in the past several years, long non-coding RNAs (lncRNAs) were found to play crucial roles in the regulation of multiple biological processes, including apoptosis, proliferation, differentiation and metastasis [47] [48] [49] [50] [51] . And lncRNAs are known to mediate gene expression regulation through a variety of mechanisms [52] . Furthermore, lncRNAs have been reported as biomarkers for diagnosis of multiple neoplastic diseases, predicting survival [53] . Therefore, identification of BEX2-associated lncRNAs and their roles may provide a useful strategy for diagnosis and prognosis of patients with ATR-induced neurotoxicity; this requires further exploration.
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In conclusion, this study shows that ATR suppresses TH and BEX2 expression and increases dopaminergic neuronal death. Isoflavones promote BEX2 expression and induce BEX2-dependent autophagy, which prevent neuronal cell apoptosis induced by ATR. These findings suggest that isoflavones and corresponding mechanisms of neuronal protection are therapeutic candidates for the prevention and/or treatment of neurodegenerative diseases such as PD.
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